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Trea^M^ of deiroatiHo^al ocm#tioiisi«^ WiAfrajpiiems 

157) The Invention relates to the use of fragments of DMA, such as dinucleotides and oligonucieotides, in the 
treatment of skin disorders such as psonssis, vitlfigo, hype^roliferattve (disorders, dermatitis, allergic rtimrHs, 
alierQic coniynctivltls, sm cancer, photo agipg and UV Induced dermatoses. Dmucleotides and ^ 
olig^ucieotides ranging from B^W b^es are dl^losed It Is proposed that the DNA fragments mimic the 
produos of DNA damage and recapitulate the melanc^^ic protective response to U V i rradiation and that this 
is mediated by an up regul3ti<») in p53 activity. In ^ro Involving squamoos carcinomas, cervical 
cardnomas and melanOTas are shown and me ^ms of DMA fragments on p53 are also illustrated. The 
inhibition of ccmtact h^rser^ftivity In mice is ateo ttesc^bed. 
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At ieast one drawing originaHy filed was informal »id the f^-int reproduced here is taken fronn a later filed formal copy. 
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. rep T r)r AT T v APPT TFD DN A Fff AGME>TS 

RELATED APPLICATIONS 

TWs application is a Contmuation-in-Part of U.S. National Phase of 
PCT/US96/08386 filed Jime 3, 1996, and assigned U.S. ApplicationNo. 08/952.697 
which is a Contmuation-m-Part of AppUcation No. 08/467,012 filed June 6, 1995, 
the entire teachings of which are incoiporated herein by reference. 

BACKGROL-ND OF THE INVENTION 

Human skin consists of two layers, the dermis and the epidermis. The 
epidermis, which is the uppermost of Ae two skin layers, encompasses many 
different cell tvpes, including melanocytes and keratinocytes. Melanocytes are 
specialized cells in the basal layer of *e q,idermis which synthesize meiamn; the 
melanin is then packaged into melaxiosomes and then transported into keratmocytes. 

Exposure of skin to Ae sun results in vitamin D synthesis, sunburn 
(ervthema), and taimmg, the skin's major form of endogenous protection against 
subsequent ston damage from ultm^olet (UV) irradiation. Various morphologic and 
enzymatic changes occur at the ceUular level in epidermal melanocytes in response 
to W irradiation. Melanin, which is increased in "tanr.ed" skan, ser,-es as a filter 
with absorbance within the UV range and provides photoprotection for the 
individual 

The peak action spectrum for «ythema is in the UV'-B range, 290-305 om. 
UV-B ravs are absorbed by proteilis and nucleic ^ds of the epidermis, causing the 
production of thvmine dimers, which are known to be fom^ed by m Mation of 
5 nuclear DNA and to be excised ftom the DNA strand by the action of highly specific 
enzvmes, mcludins endonucleases. If not removed, these dimers can stall DNA 
replication forks generating regions of single-stranded DNA. Failure to remove 
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thymine dimers and other forms of DNA damage in the genome may lead to somatic 
mutations resulting in carcinogenesis. 

In bacteria it is known that single-stranded DNA released as fragments 
during the course of DNA tepm or exposed at stalled repUcation forks can interact 
5 with nuclear proteins which then regulate the expression of ^ific genes in the 
DNA as part of 4e organism's SOS response to UV damage. Tte tanning re^nse 
of skin might reasonably be considwed part of the analogous SOS response in 
mammalian skin. The precise stimulus for UV-induced tanning, however, remains 
unknovvn. 

i 0 U^' irradiation is successfolly used in phototherapy and photochemotherapy 

for certain dermatological conditions. For example, psoriasis is a common 
dermatologic disease affecting 1 to 2 percent of the population. Psonasis can be 
treated with U\'-B irradiation, either alone or in conjunction with agents such as 
coal tar or anthralin. or with UV-A irradiation in combination with psoralens (PUVA 

15 therapy). Other diseases which respond to UV irradiation treatment mciude atopic 
dermatitis and vitiUgo. Despite the benefits of phototherapy and 
photochemotherapy, these treatments cany the same risks as chronic exposure to 
sun, including vTOnkiing, "photoaging," and skin cancer. 

20 SUMNL\RY OF THE INVENTION 

The present invention pertains to repair for any type of DNA damage, in 
whole or m part, by induction of DNA repair mechanisms such as nucleotide 
excision repair. The DNA damage can be caused by ultraviolet irradiation, or by 
exposure to DNA-damage inducing chemicals or carcinogens, such as 

25 benzo(a)pyrene (BP). 

The current invention further pertains to methods of treating or preventing 
hyperproliferative diseases or pre-cancerous conditions affecting epithelial cells, 
such as psoriasis or other skin diseases, including contact dermatitis and other 
hyperproliferative, pre-cancerous or UV-responsive dermatoses, in a mammal. The 
30 invemion further comprises methods of prophylaxis against skin cancer or reduction 
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in the likelihood of development of skin cancer, as well as reduction of severity of 
photoaging resulting from sun exposure, in a mammal, including humans. The 
methods comprise contacting cells (or introducing mto cells) of a mammal with 
single-stranded DNA fragments, (e.g., oligonucleotides or polynucleotides) 
d Jxynucleotides, dimicleotides. dinucleotide dimers or a mixture thereof, such that 
the DNA fragments, deoxynucleotides, dinucleotides, or dinucleotide dimers are 
available to the ceUs. Alternatively, ceils are contacted with an agent that increases 
the activity of p53 protein and therefore stimulates nucleotide excision repair. The 
fragments, deoxynucleotides or dinucleotides, or agent that increase p53 activity 
resulting in an increase in nucleotide excision repair, can be introduced topically, 
orally, by aerosol, or by any other appropriate means, such as by insnUation. The 
DNA fragments, or deoxynucleotides or dinucleotides can be ultraviolet-irradiated. 

The invention also includes compositions useM in the above methods, 
comprising DNA fragments, deoxynucleotides, dmucieotides or dinucleotide dimers, 
or an agent that increases p53 activity and thus increases nucleotide excision repair, 
in an appropriate deUvery vehicle, such as Uposomes. 



BRIEF DESCRIPTION OF THE HGURES 

Figure 1 is a gr^hic representation of the cell growth rate of human 
20 squamous^carcinoma ceUs dosed whii water (diluent). 100 .uM pTpT (T,.) or 100 fiM 
pd.\pdA (A,). Day 0 is before doss^; days 1 . 3, 4 and 5 are days after dosage. 

Figure 2 is a graphic representation of the cell growth rate of normal human 
fibroblast^ dosed with water (diluent) or 100 pTpT (T,). Day 0 is before 
dosage; days 1, 3, 4 and 5 are days after dosage. Values represent averages = 
25 standard deviations of duplicate cultures. 

Figure 3 is a graphic repr^tation of the cell growth rate of human cervical 
carcinoma cells dosed with either water (diluent) or IW .uM pTpT (T;). Day 0 is 
before dosage; days 1, 4 and 6 are days after dosage. 

Figure 4 is a graphic representation of the cell yield of human melanoma cell 
30 lines dosed with either diluent or 100 jiM pTpT (T,). 
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Figure 5 is a graphic representation of the cell growth rate of normal human 
keratinoc^es dosed with water (diluent) or 100 pTpT (T,). Day 0 is before 
dosage; 8, 24, 48 and 72 are hours after dosage. Values represent averages - 
standard (teviations of duplicate cultures. 
5 Figure 6 is a graphic rqjresentation of the average cell number of human 

neonatal fibroblasts dosed with eitiier water, or Aj. 

Figure 7 is a graphic representation of the average cell number of human 
neonatal fibroblasts dosed with either water, T, or Aj. 

Figure 8 is a graphic representation of the cell growth rate of normal human 
10 fibroblasts dosed with water (diluent) or iOO uM pTpT (T3). Day 0 is before dosage. 
Values represent averages ± standard deviations of duplicate cultures. 

Figure 9 is a graphic representation of the cell growth rate of p53-null H1299 
lung carcinoma celJdosed with water (diluent) or 100 pTpT (T,). Day 0 is 
before dosage; 1, 2. 3 and 4 are days after dosage. Values represent averages ± 
1 5 standard deviations of duplicate cultures. 

Figure 10 is a graphic representation of enhancement of DNA repair of a 
reporter p^asmid in human keratinocytes treated with pTpT. Open boxes, sham- 
irradiated control plasmid; filled boxes, UV-inadiated plasmid. 

Figure 11 IS a graphic representationof enhancement of DNA repair of a 
20 reporter plasmid m human fibroblasts treated with pTpT. Open boxes, sham- 
irradiated control plasmid; filled boxes, LTV-irradiaied plasmid. 

DET.AILED DESCRIPTION OF THE INVENTION 

TT,e present invention is based on applicants' discovery that treamient of cells 
75 with DNA fragments can elicit a protective response to subsequent expos'uxe to UV- 
irradiation or chemicals. It is likely that pTpT, and other small nucleic acids, mimic 
the products of DNA damage or processed DNA-damage intermediates. THese 
compounds previously have been shown to evoke a melanogenic (tanmng) response 
m skin (I.-.S. Patent 5.643,556. the teachings of which are incorporated herem m 
30 their entirety), thus recapitulating the melanogenic protective response to \JW 
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irradiation, and in the present invention is shown to result in induction of the p53 
pathway, including up-regulation of p53 inducible genes involved in DKA repair, 
such as p2l, proliferating ceU nuclear antigen (PCNA) and xerodoma pigmentosum 
group A protein (XPA). The DNA tomcats of the present invention numic the 
5 DNA damage signal, resulting in induction of fhe nucleotide excision repair pathway 
and transient cellular grow& arrest that pennits more extensive DNA repair before 
cell division, in the absence of genotoxic stress. Such '•mimicry" is usefiil in 
chemoprotection from carcinogenesis. Specifically, the invention pertains to use of 
DNA fragments, deoxynucleotides, dinucleotides. or dinucleotide dimers, as defined 
10 m the foilo^'ing description, or an agent that increases activity of p53 protein, for the 
prevention or treatment of certain hyperproliferative diseases or pre-cancerous 
conditions affecting cells such as epithelial ceUs. keratinocytes or fibroblasts, 
including skin diseases such as pscmasis and hyperproliferative, pre-cancerous or 
UV-induced dermatoses such as contact d«matitis in mammals, and particularly in 
15 humans. The invention fiaither pertains to use of DNA fragments, deox^iucleotides, 
dinucleotides, or dinucleotide dim«s, or agents that increase activity of ?53 protein, 
for reduction of photoaging (a process due in part to cumulative DNA damage) or 
prophylaxis against or reduction in &c likelihood of tbs development of skin cancer, 
in a mammal. The invention fiutheriaovides compositions comprising said DNA 
20 fragments, deoxynucleotides, dinucleotides, or dinucleotide dimers, or agents that 
increase activity of p53 protein. 

In one embodiment of the invention, DNA fragments of approximately 2-200 
bases in length, deoxynucleotides (single bases), dinucleotides. or dinucleotide 
dimers, are administered to the mammal in an appropriate vehicle. .\s used herein, 
25 "DNA fragmews" refers to single-stranded DNA fragments, double-stranded DNA 
fragments, or a mixmre of both ^gte- and double-stranded DNA fragments. 
"Deoxynucleotides" refers to either asingle type of (teoxynucleotide or a mixture of 
different deoxynucleotides. "Dinucleotides" can comprise a single tvpe of 
nucleotide or different types of nucleotides, and can comprise a mixture of different 
30 types of dinucleotides. In a pnsfencd embodiment, the nucleotides of the 



BU94-68A3 



-6- 



dinucleoiides are deoxynucleotides. Representative dinucleotides include d(pT)2, 
d(pC):, d(pA),, d(pCpT), d(pTpC), d(CpT), d{TpC) and d(TpT), where T is thymine, 
C is cytosine, d is deoxy, and p is phosphate (see Niggli, Photochem. Photobiol. 
35r5;:353-356 (1988)). A combination of at least two or more of DNA fragments, 

5 deoxynucleotides, dinucleotides, and/or dinucleotide dimere can also be used. The 
DNA fr^ents, deoxynucleotides, or dinucleotides can be ultraviolet-irradiated. 
Such ultraviolet irradiation results in photodimerization b^een two adj^ent 
pyrimidine residues (i.e., thymine (T) and cytosine (C)) present in the DNA 
fi^gments or dinucleotides. 

10 As sho'TO by the present invention, tiiymidine dinucleotide decreases the cell 

growth rate of several human ceil types including squamous cell carcinoma, cervical 
carcinoma, melanoma, neonatal keratinocytes and normal neonatal fibroblasts 
(Examples 1-5, respectively). pTpT also reduces epidermal turnover rate in a guinea 
pig model (Example 6). Furthermore, pTpT treatment of cells results in the nuclear 

15 localization of p53 (Example 7) and the induction of p53-regulated genes (Example 

8) such as genes involved in DNA repair (Examples 1 and 7). 

Pretreatment of cells with pTpT enhances tiieir ability to repair DNA damage 
by UV irradiation and by tije chemical carcinogen benzo(a)pyrene (Examples 8 and 

9) , at least in part through activation of p53 and up-regulation of genes 

20 transcriptionally activated by p53, such as the p2l/Wafi'Cip 1 gene. Preteatment of 
skin with pTpT also results in a reduced level of UV-induced mutation in vivo 
(Example 12). 

DNA fragments are also effective UV mimetics. For example, a nine- 
nucleotide oligomer, GAGTATGAG (SEQ ID No; 1) was able to stimulate 

25 melanogenesis in human melanocytes and induce the expression of p2 l.Wa&'Cip 1 
in a squamous cell carcinoma cell line. Furthermore, a scrambled version of the 9- 
raer, TAGGAGGAT (SEQ CD No: 2), and truncated versions of the original 9-mer. 
AGT.\TGA (SEQ ID No: 3), and GTATG (SEQ ED No: 4), were also able to 
stimulate melanogenesis in human melanocytes (Example 1 1). Longer fragments 

30 and fragments lacking the 5' phosphate were less effective in stimulating 
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n^danogenesis (Exan^ple 13). Thus, the UV-mimetic activity of pTpT is dupUcated 
quite dramatically by oUgonucleotides (e.g., m the 2-200 nucleot.de range, typically 
in the 5 to 20 nucleotide range and most typically in the 5-10 nucleotide range). The 
oligonucleotides of the present invention are therefore useful m methods of 
5 preventing cancer and photoaging by enhancing DN A repaxr and by enhancmg 
pigmentation byincreasingmelaninprpdnction. Melanin is known to absorb 
photons in theUV range and theref<«e its presence reduces the risk of cancer and 

photoaging, 

Thvnudine dinucleotide, pTpT, Tnimics some effects of UV light includmg 
10 induciB. melanogenesis and stimulating keratinocyte production of TNFa {Example 
4). TNFa IS also mduced by pTpT in a mouse contact hypersensitivity model 
(Example 10). The dinucleotide pdApdA fails to induce these responses. 

UVB radiation is a pot«it iiiiibitor of the inductive phase of contact 
hypersensitivitv (CH), and TNFa is a mediator of this suppressive effect. 
15 Thymidine dinucleotides (pTpT). ^ substrate for UV-mduced thymine dimer 

formation, simulates several UVB efects including increased tyrosmase expression 
and melanin content in cultured melanocytes and skin tanning m guinea pigs. 
Adenine dinucleotides (pApA), less commonly dimerized by UF. are less effective. 
AS shovvn in Example 9, tbese DNA fragmimts also mimic the suppressive 
20 effectofUV-Boncontacthypersenativityinamousemodel. As demonstrated by 
the present mvenuoa, mtracutaneons injection with pTpT can inhibit the induction 
of contact hvpersensitivity and can activate the TNFa gene in vi.o. These tmdmgs 
expand the specmim of UVB effects mimicked by pTpT and demonstrate that DNA 
photoproducts and/or their repair mediate the biologic consequences of U\-B 
25 radiation. 

The DNA fragments, deoxynucleotides, dinucleotides. or dmucleotide 
dimers can be obtained from any J^ropriate source, or can be s^thetic DNA 
fraements. deoxynucleotides, dinucleotides, or dinucleotide dimers. For example, 
sataion sperm DNA can be dissolved in water, and then the mixture can be 
30 autoclaved to fragment the DNA. 
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An "agent that increases activity of p53 protein," as used herein, is an agent 
(e.g., a drug, molecule, nucleic acid fragment, or nucleotide) that increases the 
activity of p53 protein and therefore results in increase m DNA repair mechanisms, 
such as nucleotide excision repair, by the induction of proteins involved m DNA 
5 repair, such as PCNA and XPA. The activity of p53 protein can be increased by 
directly stimulating transcription or translation of p53 DNA or RNA; by increasing 
expression or production of p53 protein; by increasing the stability of p53 protein; 
by increasing the resistance of p53 mRNA or protein to degradation; by causing p53 
to accumulate in the nucleus of a cell; by increasing the amount of p53 present; or 
10 by otherwise enhancing the activity of p53. The p53 protein itself is also an agent 
that increases the activity of p53 protein. A combination of more than one agent that 
increases the activity of p53 can be used. Alternatively or in addition, the agent that 
increases the activity of p53 can be used in combination with DNA fragments, 
deoxynucleotides, or dinucleotides, as described above. 
1 5 The DNA fragments, deoxynucleotides, dinucleotides or dinucleotide 

dimers, or agents that increase the activity of p53 protein, can be appUed alone or in 
combination with other compounds, such as perfumes or colorants. They can be 
applied in a vehicle, such as water, saline, or in another ^propriate deUvery vehicle. 
The delivery vehicle can be any appropriate vehicle which delivers the DNA 
20 fragments, deoxynucleotides, dinucleotides, or dinucleotide dimers, or agent that 
increases the activity of p53 protein. In one embodiment, propylene glycol is used 
as a deUverv- vehicle. In a preferred embodiment, a mixture of propylene 
glycol:ethanol:i50propyl myristate (1 -.2.7: 1) containing 3% benzylsulfonic acid and 
5% oleyl alcohol is used. In another embodiment, a liposome preparation is used. 
25 The liposome preparation can be composed of any liposomes which penetrate the 
stratum comeum and fiise with the cell membrane, resulting in deliver)' of the 
contents of the liposome into the cell. For example, liposomes such as those 
described in U.S. Patent No, 5,077,211 of Yarosh. U.S. Patent No. 4.621.023 of 
Redzmiak et ai or U.S. Patent No. 4,508.703 of Redziniak el al. can be used. 
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Tne delivery vehicle can contain perfumes, colorants, stabilizers, sunscreens, 

or other ingredients. 

The DNA fr^ents. deoxynucleotides, dmucleotsdes. or dinucleotide 
dimers, or agent that increases p53 activity, are applied to (introduced mto or 

5 contacted with) the ceUs of interest in an appropriate manner. The "cells of interest", 
as used herein, are those cells which may become affected or are affected by the 
hyperproUferative disease or precancerous condition, or cells which are affected by 
DNA-damaging conditions such as UV irradiation or exposure to DNA damaging 
chemicals such as benzo(a)pyiene. Specifically encompassed by the present 

10 invention are epithelial cells, including melanocytes and keratinocytes, as weU as 
oral, respiratory, bladder and cervical epithelial cells. As demonstrated herein the 
methods and compositions of the present invention inhibit growth of epithelial cells 

from numerous sources. 

In one embodiment, &e DNA fragments, deoxynucleotides, dinucleotides. or 
15 dinucleotide dimers, or a^ent that increases p53 activity, are applied topically to the 
skin surface. In other embodim«its. Ae DNA fragments, deoxynucleotides, 
dinucleotides, or dinucleotide dimers, or agent that increases p53 activity, are 
delivered to other epitheUai tiaat are recognized to have a lesser barrier to entry of 
such substances than does the skin, such as orally to the oral or intestinal epitheUum; 
20 by aerosol to the respiratory epitbdium; by instillation to the bladder epithelium; or 
by other means to other cells or tissues in the body. The DNA fragments, 
■ deoxynucleotides. dinucleotides. or dinucleotide dimers, or agent that increases p53 
activity, are applied at an appropriate time, in an effective amount. The "appropriate 
time" will vary, depending on die type and molecular weight of the DNA fragments, 
25 deoxynucleotides, dinucleotides. or dinucleotide dimers, or agent, employed; the 
condition to be treated or prevented; the results sougtit; and the mdividual patient. 
An "effective amount", as used herein, is a quantity or concentration sufficient to 
achieve the desired result. The efiective amount will depend on the type and 
molecular weight of the DNA fragments, deoxynucleotides, dinucleotides, or 
30 dinucleotide dimers. or agent, employed; the condition to be treated or prevented; 
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the results sought; and the individual patient. For example, for the treatment or 
prevention of psoriasis, or for hyperproliferative, pre-cancerous, or LW-induced 
dermatoses, the effective amount is the amount necessary to relieve the symptoms of 
the disease, to reduce the area of skin affected by the disease, or to prevent the 
5 formation of affected areas. The concentration will genwally be approximately 2- 
300 ^m, and will depend on the type and molecular wei^t of the DNA fra^ents, 
deoxynucleotides, dinucleotides, or dinucleotide dimers, or agent, employed; the 
condition to be treated or prevented; the results sought; and tiie individual patient. 
In a preferred embodiment, the concentration is 50-200 jim; in a more preferred 
10 embodiment, the concentration is 75-150 )im. 

In a first embodiment of the current invention, DNA fragments, such as 
single-stranded DNA fragments, deoxynucleotides, dinucleotides, or dinucleotide 
dimers, or an agent that increases p53 activity, are appUed, either without a vehicle 
or in an appropriate deUvery vehicle, to the cells of interest in the mammal in order 
15 to treat or prevent a hyperproliferative disease affecting epithelial cells. The DNA 
fragments, deoxynucleotides, dinucleotides, or dinucleotide dimers, or agent that 
increases p53 activity, can be applied solely to affected areas, or can be applied 
prophylactically to regions commonly affected by the hyperproliferative disease. 
In a preferred embodiment of the invention, the DNA fragments. 
20 deox>Tiucleoiides, dinucleotides, or dinucleotide dimers, or agent that increases p53 
activit>s are applied, either without a vehicle or m an appropnate delivery vehicle, to 
the epidermis for the treatment or prevention of psonasis. The DNA fragments, 
deoxv-nucleotides, dinucleotides, or dinucleotide dimers, or agent that increases p53 
activity , can be applied solely to affected areas, or can be applied prophylactically to 
25 regions of epidermis commonly affectai. 

In another preferred embodiment of the invention, the DNA fragments, 
deoxynucleotides. dinucleotides, or dinucleotide dimers, or agent that increases p53 
activitv', are appUed. either without a vehicle or in an appropriate deliverv' vehicle, to 
the epidermis for the treatment or prevention of atopic dennatitis. contact dermatitis 
30 or aliergically mediated inflammation of other epithelia such as allergic rhinitis or 
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allergic conjunctivitis (hayfever) in a mammal. The DNA fragments, 
deoxynucieotides, dinucleotides, or dinucleotide dimers, or agent that increases p53 
activity, can be applied solely to affected areas, or can be applied prophylacticaily to 
regions of epidermis commonly affected. In another preferred embodiment of the 
5 invention, the DNA fr^ents, dcoxyiaicleotides, dinucleotides, or dinucleotide 
dimers, or agent that iiK:reases p53 activity, are appUed, either alone or in an 
appropriate delivery vehicle, to the c|»d«mis for the treatment or prevention of 
vitiligo. The DNA fragments, deoxynucieotides, dinucleotides, or dinucleotide 
dimers, or agent that increases p53 activity, can be aR)Ued solely to affected areas, 
10 or can be applied prophylacticaily to regions of epidermis commonly affected. 

In another preferred embodiment, DNA fragments, deoxynucieotides, 
dinucleotides, or dinucleotide dimers, or agent that increases p53 activity, are 
applied, either alone or in an appropriate delivery vehicle, to the epidermis for the 
treatment or prevention of other hypetpioUferative, pre-cancerous or L-^'- 
15 responsiveness dermatoses. 

In a second embodiment, DNA fr^ents, deoxynucieotides, dinucleotides, 
or dinucleotide dimers, or an ^ent that increases p53 activity, are appUed. either 
alone or in an appropriate deUvery vdiicle, to the epidermis for reduction of 
photoaging. or prophylaxis gainst or reduction in the likeUhood of development of 
20 skin cancer. The DNA fragments, deoxynucieotides, dinucleotides, or dinucleotide 
dimers, or agent that increases p53 activity, are appUed at an appropriate time (i.e., 
sufficiently close in time to exposure of the skin to UV irradiation): the DNA 
fragments, deoxynucieotides, dinucleotides, or dinucleotide dimers can be applied 
before, during or after exposure to UV irradiation. They can be applied daily or at 
25 regular or interminent intervals. In a preferred embodiment, the DNA fragments, 
deoxynucieotides, dinucleotit^, m dinucleotide dimers, or agent that increases p53 
activity, can be applied on a daily basis to skin which may be exposed to sunlight 
during the course of the day. 

In a further embodiment of the invention, Ae DNA firagments 
30 deoxynucieotides, dinucleotides, or dinucleotide dimers, or agent that increases p53 
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activity, are applied, either without a vehicle or in an appropriate deliverv- vehicle, to 
cells of an individual (e.g., epithelial cells) for the treatment or prevention of 
hyperproliferative, pre-cancerous conditions, or to repair or prevent DNA damage 
caused by DNA damaging chemicals, such as benzo(a)pyrene. 
5 The invention is fiirther illustrated by the following Examples. 

EXAMPLE 1 : Application to Human Squamous Carcinoma Cells 

Human squamous carcinoma cells line SCC12F cells were maintained in 
primary keratinocyte medium (300 ml DME, 100 ml F-12 nutrient supplement, 50 
10 mil Ox Adenine, 50 ml fetal bovine serum, 5 ml penicillin/streptomycin stock, and 
0.5 ml of 10 u^'ml epidermal growth factor and hydrocortisone to final 
concentration of 1 .4 ug.'mi) and dosed with either water (diluent), 100 uM pTpT (Tj, 
Midland Certified Reagent Company, Midland, TX) or 100 ^iM pdApdA (A,). Cells 
were harvested before dosmg (day 0), and 1, 3, 4, and 5 days after dosage, and were 

1 5 counted by Coulter counter. After harvesting, the cells were processed for total 
RNA isolation and were analyzed by Northern blot. Addition of pTpT (T;) to 
human squamous carcinoma cells resulted in marked decreases in cell growth rate, 
as shown in Figure 1 . Addition of a control deoxyadenine dinucleotide (pdApdA or 
A,), a compound very similar to pTpT but not readily dimerized by irradiation 

20 and therefore not excised during the course of UV-induced DNA repair, has no 
effect (A). 

In a second experiment, SCC12F cells were cultured as described above. 
Two or three days afler seeding, the preconfluent cultures were given nresh medium 
supplemented with either 1 00 uM T, or diluent as a control. Cells were collected by 
25 trypsinization daily and counted by Coulter counter. The cell yield in cultures 

treated with T, was reduced by 75% compared to that of paired control culrares after 
five days (Figure 2). This corresponds to 2.3 population doublings in this rime for 
control cells, compared with 1 doubling for Trtreated cells. These results further 
demonstrate that application of the DNA fragments inhibits cell multiplication. 
30 including multiplication of cancerous cells. 
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In a third experiment, it was demonstrated that addition of thymidine 
dinucleotidcs (T^) to human ^uamous carcinoma cells for 24-72 hours resulted in 
upregulation of at least three genes: growth arrest and DNA damage (GADD 45), 
senescence-derived inhibiter (Sdi I), and excision repair cross-complementing 
5 (ERCC-3) (data not shown). Paired cultures of SCC12F cells were maintained in a 
Dulbecco's modified Eaglets Moiium (DMEM; GIBCO/BRL, Gaithersburg, MD)- 
based keratinocyte growth m^ium supplemented with 10% fetal calf serum 
(Hyclone Labs, Logan, UT) and epidermal growth factor as described (Hollander, 
M.C. et al, L Biol. Chem. 268:328-336 (1992)). Pre-confluent cultures were given 

10 fresh medium supplemented with eitii«: 100 ixM pTpT, or an equal volume of 
diluent. Cells were collected daily after additions and processed for total RNA 
isolation using the Tri-ReagOTt extrw^tion metiiod (Molecular Research Center, 
Cincinnati, OH) following the innotowl of the manufacturer. Ten micrograms of 
RNA from each sample was gel electropho^^, transferred to a nylon filter and 

1 5 probed as described previously (Nada, A, et al, Exp. Cell Res. 2 1 1 :90-98 ( 1 994)). 
The cDNA for GADD 45 was generated by PCR using primers b^ased on the human 
GADD 45 gene sequence (MitsMomi, T. et al. Oncogene 7:171-180 (1992)), The 
cDNA for ERCC 3 was purchased from the American Type Culture Collection 
{ATCC, Rock^iUe. MD). The SDI 1 cDNA was a gift of Dr, J. Smith and has been 

20 described previously (Walworth, N.C. and Bernards, R., Science 271 :353-356 
(1996)). 

Compared to the diluent control, the mKNAs for GADD 45, ERCC 3 and 
SDI 1 were up-regulated in pTpT-treatcd cells as early as 24 hours, and remained 
elevated for several days. Addition of tii« control deoxyadenine dinucleotide (Ai) 
25 was less effective or ineflfective in inducing these genes (data not shown). 
Comparable data have been obtained in preliminary experiments with S91 
melanoma cells, and normal human fibroblasts (data not shown). 

The time course of induction is similar to that observed after U\* irradiation 
for the two genes for which this has been studied (GADD 45 and Sdi I) (Fomace, 
30 AJ. et al. Proc. Natl. Acad Sci, USA 85:8800-8804 (1988); Hollander, M.C et al. 
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J Biol Chem. 268:24385-24393 (1993); Zhan, Q. et ai., Mol. Cell Biol 14-.2361- 
.371 (1994); El-Deirv. W.S. et al. Cancer Res. 54:1169-1174 (1994); and El-Deiry, 
W S et al. Cell 75:817-825 (1993)) and also similar to the time course of iuducnon 
of the tyrosmase gene by T, m melanocytes and melanoma cells (Maltzman, W. and 
5 L Czyzyk, Mol Cell Biol 4:1689-1694 (1984); and Lu, X. and D.P. Lan, CeU 
75-765-778 (1993)). Sdi 1 is known to be involved in cell cycle regulation and 
specmcallv in blockmg cell dms.on. GADD 45 and ERCC-3, a human DNA repair 
enzyme, are known to be involved m repair of LW-induced DNA damage. ^ 
response to pTpT is identical to that observed after UV .rrad.ation of these ceU hnes, 
10 and is also similar to the response to various antimetabolUes, such as methotrexate, 
that are clinically effective in the treatment of hyperproliferative skm disorders. 

EXAiMPLE 2: Application to Human Cervical Carciiwma Ceils 

Human cervical can:inoma cells (HeLa cells) were maintamed in DME ^ 
15 iO%calfserumanddosedwitheitherwater(diluent)orlOO^MpTpT(T2). Cells 

were collected 1 . 4 and 6 days after dosage and counted by Coulter counter. 

Addition of pTpT (T3) to the human cer^-ical carcinoma cells resulted m 
marked decreases in cell growth rate, as shown in Figure 3. 



20 



EXAMPLE 3: Application to Human Melanoma Cells 

Human melanoma cell lines CRL 1424, Malma, Sk Mel 2, and Sk Mel 28 
were obtamed from the Amencan Type Culture Collection (ATCC). The cell hnes 
were maintained m DME . 2% calf serum, and dosed with either water (diluent) 
with DME, or 100 uM pTpT (T2) in DME. One week after dosage, cells were 
25 collected and counted by Coulter counter. 

Addition of pTpT (T3) to any of the four different human melanoma cell 
Unes results m marked decreases in cell yields, as shown in Figure 4. 



i 
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EXAMPLE 4: Application to Human Kexatinocytes 

Noimal human neonatal keratinocyte cells were cultured as described above 
in Example 1 for SCC12F cells, and treated with either 100 ^iM T, or diluent as a 
control. Cells were harvested for ceU counts. The cell yield in cultures treated with 
5 T, was reduced by 63% compared to that of paired control cultures afterthree days 
{Figure 5). This corresponds to one population doubling in this time for control 
cells, while the number of T^-treated cells remained the same. These results 
demonstrate that application of the DNA fragments inhibits cell multiplication. 

Northern blot analysis of the normal human keratinocytes treated with pTpT 
10 for 24-72 hours that shows induction of Ae tumor necrosis factor (TNF) alpha gene 
(data not shown). This immunomodulatory cytokine, known to be induced by UV 
irradiation, may thus be induced by pTpT. Use of locally applied DNA fragments, 
deoxynucleotides, dinucleotides, or dinucleotide dimers may therefore be usefiil in 
immunodulation of cutaneous reactions aiKi in treatment or prevention of diseases or 
1 5 conditions involving immune mediators. 

E.^^MPLE 5: Inhibition of CeU Growth of Normal Neonatal Fibroblasts by DNA 
Fragments 

Normal human neonatal fibroblasts were plated m Falcon P35 culture dishes 
20 at a dOTsity of 9 X lO' cells/dish. Thecalture medium was DME - 10% calf serum, 
2 ml per plate. One day after pl^g, cultures were suiq)lemented with either 100 ^1 
2 mM T: in DME or 100 ,ul 2 mM A, in DME, or water (control). Two plates were 
collected and counted before the additions to give a starting, or "day O," reading. 
Duplicate plates of each condition were harvested through five days after addition of 
25 the supplements and cell number determined. All cell counts were done by Coulter 
Counter. Results are shown in Figuaes 6 and 7. The results indicate that application 
of the DNA fraffimenis inhibits cell multiplication. 

In a second experiment, normal human neonatal fibroblasts were plated and 
cultured, as described above in Example 1 for SCC12F cells. Cultures were 
30 supplemented with either 100 m1 2 nM T^ or water (control), and cells were 
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harvested for cell counts. The cell yield in fibroblast cultures treated with was 
reduced by 40% compared to that of paired control cultures after three days (Figure 
8). This corresponds to 4 population doublings in this time for control cells, 

compared with 3,6 doublings for T2-treated cells. These results further demonstrate 
5 that application of the DNA fragments inhibits cell multiplication, 

EXAMPLE 6: Effect of pTpT Applications on Epidermal Labeling Index 

Guinea pigs received one or two daily topical applications of 100 yM pTpT, 
or vehicle alone as control, for three days. On the fourth day, punch biopsies were 

10 obtained and maintained for 7 or 8 hours in primary keratinocyte m^ium 

supplemented with 10 uCi/ml ^H-thymidine (specific activity 9.0 Ci/m mole, NEN). 
Tissues were then rinsed with cold medium and fixed in 10% phosphate buffered 
formalin. After a series of dehydration steps, tissues were embedded in paraffin, 6 
urn sections were cut and mounted onto glass slides, dipped in NTB-2 Nuclear Track 

1 5 emulsion and kept in the dark at 4oC for 7 days. Sections were developed in Kodak 
0-19 developer and stained with hematoxylin and eosin. Labeling index was 
measured by calculating the percentage of labeled nuclei among 100 basal 
keratinocvies. 
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Vehicle control 
4=1.4 



Labeling Ifidex 
2 daily applicatioiis 

pTpT 

1.5 ±0.7 



Vehicle control 
4.5 ±2.1 



1 daily application 
pTpT 
2±0 



Results X SD are shown. 

LabeUng index (a measure of epidermal turnover rate) is less in pTpT-treated skin 
than m vehicle-treated skin, (>0.03 paired T test) in both experiments. Ibese results 
demonstrate that the DNA fi^eots reduce epidermal turnover rate. 

5 EXAMPLE?: Role of p53 in DNA Repair 

Both the GADD 45 and SDi 1 genes are known to be transcriptionally 
regulated by the tumor suppressor protein p53 (Kastan, M.B. et al, CeU 71 -.587-597 
(1992); El-Deiry. W.S. et al., Cel 75:817-825 (1993)). After W- and v -irradiation, 
as well as treamient of cells with DNA-damagmg chemical agents, there is a rapid 
10 stabilization and nuclear accumul^ of p53 (Fntschc, M, et al, Oncogene 8:307- 
318 (1993); Nelson, W.G. and Kastan, M.B., Mol. Cell. Biol. 14:1815-1823 (1994); 
Lu X and Lane, D.P.. Cell 75:765-778 (1993)), after which this protem binds to 
sp«:ific promoter consensus sequences and modulates the transcription of regulated 
oenes (Lu, X. and Lane, D.P., Cdl 75:765-778 (1993)). Recent data suggest that 
1 5 J 53 can also be activated by die Wiling of small single-stranded DR^. as well as 
certain peptides and antibodies, to a caiboxyl terminal domain of this protem 
(Jayaraman, L. and Pnves, C, Cell 81:1021-1029 (1995); Hupp, T.R. et al.. Cell 
83:237-245 (1995)). In order to deteimine whether the inhibitory effect of the 
dinucleotide pTpT on cell proUferation is mediated through p53. the gro^.1h 
20 responseofap53nullcellline.H12991unscarcinomacells,wasexamined. The 
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p53-null H1299 cells (Sanchez, Y. et al.. Science 271:357-360 (1996)) was 
maintained in DMEM %vith 10% calf semm. Preconfluent cultures were given fresh 
medium supplemented with either 100 pTpT or diluent. Cells were collected on 
consecutive days by trypsinization, and counted by Coulter counter. As shown in 
5 Figure 9, there was no inhibition of proliferation of pTpT-treated H1299 cells 
compared to diluent-treated controls. 

The effect of pTpT on the level and intracellular distribution of p53 in 
normal neonatal fibroblasts was examined by immunoperoxidase staining using a 
p53-specific monoclonal antibody (mAb 421, Oncogene, Cambridge, MA). 
10 Preconfluent cultures were treated with either 100 ^M pTpT or diluent for 24 hours 
before cell staining. Cells were first fixed for one minute in Histochoice fixative 
(Amresco. Solon, OH) followed by a five-minute rinse in PBS. p53 was detected 
using the Vectastain Elite ABC kit (Vector Laboratories, Burlingame, CA) and the 
p53-specific monoclonal antibody mAb 42 1 . Within 24 hours, an increase m 
1 5 intranuclear p53 was detected in pTpT-treated cells compared to diluent-treated cells 
(data not shown), as has been reported after UV-irradiation (Fritsche. M. et a!., 
Oncogene 8;307-31S (1993); Nelson, W.G. and Kastan. M.B., Mol. Cell. Bioi. 
I4;l8"l5-1823 (1994); Lu, X. and Lane, D.P., Cell 75:765-778 (1993)). These results 
are consistent with the induction of the p53-regulated genes G,^D 34 and SDI I in 
20 fibroblasts (data not shown) as well as in SCC 1 2F cells, by pTpT. 

In another expenment, pTpT was found to induce the expression of SDI I 
mRNA m a p53-dependent manner. Preconfluent cultures of H1299 cells were 
transfected with an expression vector containing the wild tvpe human p53 cDNA 
under the control of the human cytomegalovirus promoter/enhancer (Dr. Bert 
25 Vogelstein, Johns Hopkins Oncology Center). Controi transfections were performed 
using the vector from which the p53 cDNA was removed. Transfections were 
carri'ed out using the Lipofectin Reagent Kit (GIBCO/BRL). One day after 
transfection. cells were collected for Western blot analysis using 20 ug total protem 
as described (Yaar. M. et al.. J. Clin. Invest. 94:1550-1562 (1994)). p53 was 
30 detected using mAb 421. anti-mouse Ig linked to horseradish peroxidase 
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(An^ersham, Arlington Heists, IL) and an ECL-kU (Aznersham) following the 
directions of the manufacWrer. At ttxe time of protein collection, dupUcate cultures 
of HP99 cells transfected witi. the p53 expression vector (designated "p53") or 
control vector ("CtrD were given d&cr diluent (DMEM) or 100 ,M pTpT. After 
5 24 hours, the cells were collected, processed for RNA isolation and Northern blot 
analysis with an SDI I cDNA probe. The autoradiograph was scanned usmg a 
Macintosh Hsi computer and Macintod. One Scanner, and the brightness and 
contrast were adjusted to display differences in autoradiographic signals maxunally. 
Tlxe results indicated that p53-null H1299 cells express a very low level of the SDI 1 
10 transcript and this level is not affected by addition of pTpT (data not sho.-n). 

Transfection of these cells with a wUd-type p53 expression vector increased the level 
of SDI I and rendered dus transcript inducible by addition of pTpT (data not 
3ho^.-n) Western analysis confinned that H1299 cells normally express no p=3 and 
that transfected H1299 cells expressed levels of p53 (data not sho^v.). These 
15 data strongly suggest AatpTpT increases Ae transcriptional activitv- of p.3. 

EXAiMPLES: Enhancement of DN A Repair 

Expression of a UV-damaged reporter plasmid containing the bacterial 
chloramphemcolacetyltransferase (CAT) gene under the control of SV40 promoter 
and enhancer sequences, previously shown to detect decreased DNA repair capaaty 
.0 in human Ivmphocytes associated with aging and early-onset slan cancers (^Ve. Q. 
et al Proc. Natl. Acad. Sci.i USA 90:1614-1618 (1993)), was used to measure the 
DNA repair capacity of normal neonatal human skin-derived fibroblasts and 
keratinocvtes. 

Newbomkeratinocytes were estabUshed as described (Stanulis-Praeger. 
.5 BM andGilchrest,B..^.J.CeU.Hiysiol.l39:ll6-l24(1989))usingamodificauon 

of the method of Rheinwald and Green (Gilchrest, B.A. et al.. J. Invest. Demiatol. 
101-666-672 (1993)). First-passage keratinocytes were maintained in a non- 
differentiatme low Ca- medium (K-Stim, Collaborative Biomedical Products, 
Bedford. MA). Fibroblasts were established from dermal explants as described 
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(Rheinwald. J.G. and Green, J., Cell 6:331-343 (1975)) and maintained in DNIEM 
supplemented with 10% bovine serum. Cells were treated with either 100 uM pTpT 
or an equal volume of diluent (DMEM) for five days prior to transfection. Duplicate 
cultures of each condition were transfected using the Lipofectin Reagent Kit 
5 (GIBCO/BRL) and 5 jig reporter DNA, pCAT-control vector (Promega, Madison, 
WI). Before transfection, the vector DNA was either sham irradiated or exposed to 
100 mJ/cm- UVB radiation from a I KW Xenon arc solar simulator PCMN 1000-21, 
Optical Radiation, Azuza, CA) metered at 285 ± 5 nm using a research radiometer 
(model IL 1700A, International Light, Newburyport, MA), as described (Yaar, M. et 
10 al., J. Invest. Dermatol. 85:70-74 (1985)). Cells were collected 24 hours after 

transfection m a lysis buffer provided in the CAT Enzyme Assay System (Promega, 
Madison, V^T) using a protocol provided by the manufacturer. CAT enzyme activity 
was determined using the liquid scintillation counting protocol and components of 
the assay system kit. Labeled chloramphenicol [50-60 mCl (1.85-2.22 GBq) mmol] 
15 v^as purchased from Ne>*- England Nuclear (Boston, MA). Protein concentration m 
the cell extracts was detennined by the method of Bradford (.^jial. Biochem. 72:248 
(1986)). CAT activitv- was expressed as c.p.m./100 ug protem and is represented as 
percent activity of cells transfected with sham-irradiated plasmid. 

In preliminary experiments, exposure of the plasmid to a dose of solar- 
20 simulated irradiation ( 1 00 mJ/cm-. metered at 285 nm) prior to transfection was 
Identified as resulting m approximately 75% reduction in CAT activity assayed in 
cell lysates 1 6-24 hours after transfection, compared to that of sham-irradiated 
plasmid transfected into paired cultures. However, keratmocytes (Figure 10) and 
fibroblasts (Figure 1 1) pretreated with 100 uM pTpT for five days before 
25 transfection displayed CAT activity more than 50% that of sham-irradiated 

transfected controls. Because the reporter plasmid was nonrepUcating, the level of 
CAT activitv' directly reflects the degree of DNA repair of the LW-damaged CAT 
oene restoring its biological activity. These data thus indicate that pTpT treatment 
of normal human fibroblasts and keratinocytes more than doubles the capacit>' of 
30 cells to repair L^'-induced DNA damage over a 24 hour period. Cultured human 
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cells have been shown to repair greater than 70% of UV-induced photoproducts 
within 24 hours after irradiation ((Mitchell, D.L. et al.. Environmental UV 
Photobiologv- (Young. A.R. et al, eds), 345-377 (Plenum Press, New York and 
London, 1993)). The enhanced expresaon of Uv-irradiated plasmid in pTpT-treated 
5 cells did not result from a gen^ increase in plasmid transcription in these cells, 
because the expression of the sham-iiradiated plasmid was not hi^ than in non- 
pTpT-treated cells. 

EXAMPLE 9: Activation of p53 and Repair of BP DNA Adducts. 
Cell Culture. 

10 Newborn human keratinocytes were established using a modification 

(Stanislus et al. J. Invest. DermatoL 90:149-154 (1998)) of the method of Rhemwald 
and Green (Cell <5;331-343 (1975)). First-passage keratinocytes were mainuined in 
a non-differentiating medium containing a low concentration of calcium ion (K- 
Stim, Collaborative Biomedical Products, Bedford, MA). 

15 The p53-null H1299 lung carcinoma cell line (American Type Culmre 

Collection, ATCC, Rockviile, MD) was maintained in Duibecco's modified Eagle's 
medium (DMEM;GBCO/BRL. Gai&«sbu^, MD) supplemented with 10% bovine 
serum (Hyclone Labs, Logan, UT). 

Tramfection ofH1299 cells with a p33 expression vector. 

20 Preconfluent cultures of H1299 cells were transfected with an experssion 

vector containing the wild typte human p53 cDNA under the control of the human 
cytomegalovims promoter/enhaoas (Dr. Bert Vogelstein, Johns Hopkins Oncology 
Center). Control transfections were performed using the same vector lacking the 
p53 cDNA. Transfections were carried out as described previously. One day after 

25 transfection, cells were collected for western blot using 20 ^g total protein as 

descnbed. p53 was detected using the monoclonal antibody Do-l (Ab.6) known to 
detect both active and inactive forms of the protein (Oncogene, Cambridge. MA), 
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ann-mouse Ig Unked to horseradish peroxidase (.Amersham, Arlington Heights, IL) 
and an ECL-kii (.^ersham) followmg the direction of the manufacturer. 

p5l assay using hGH reporter plasmid. 

Normal human k«atinocytes were transfected w,th the human growth 
5 hormone (hGH) reporter plasmid (pPG-GH) using the Lipofectamine Recent Kit 
(GIBCO/BRL) as suggested by the manufacturer and 0.5 >ig pPG-GH added to each 
p35 culture dish. pPG-GH contains the hGH coding region under the control of the 
thymidine kinase (TK) promoter and p53 consensus sequence, and hGH protein 
production is kIlo^vn to be proportional to p53 activity (Kem et ai. 1992). 
10 Transfection was performed m the presence of 100 uM pTpT (Midland Certified 
Reagent Company, Midland, TX) or an equal volume of diluent. At the same time 
the PS-P-galactosidase control vector (Promega. Madison, WT) was co transfected to 
determme the transfection efficiency (Norton and Coffm. 1985). Four hours after 
transfection, medium was removed and replaced with K-Stmi medium with or 
15 without 100 uMpIpT. Twenty-four hours afer transfection and pTpT treatment, 
400 ^1 of the medium was harvested from each 35 mm culmre dish, and 100 ul of 
'35i.hGH antibody solution (Nichols Instimte Diagnostics, San Juan Capistrano, CA) 
was added to detect secreted hGH. The cells were harvested in a Reporter Lysis 
Buffer (Promega) using a protocol provided by the manufacturer, and 150 ul of this 
20 Ivsate was used for the P-galactosidase assay using a P-galactosidase assay kit 

(Promega). Samples from each of tnplicate culture dishes were evaluated for hGH 

and P-galactosidase synthesis. 

H1299 cells were similarly transfected with p53 expression vector or control 
vector. Two days after the transfection these ceils were cotransfected with pPG-GH 
25 and PSV-P-galactosidase control vector, and treated with 100 uM pTpT. Twenty 
four hours later. 250 >il of the medium and the cell lysate were harv ested and 
processed as descnb^ above. 
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C AT assay. 

The pC« vector (Promega) was treated w,th benzo(a) p«ene.7,8-dtol-9.10- 
epoxide (BPDEV as described (Atha. « a,. Cancer Res 1991) to produce less 
dama^ a«d more damped pl.»ids. previously shown to be tnstructlve tr, smdtes 
5 exa„>Lm8d>ffere,..repaircap.citi«mh»n«c.Us. Based on the incorporahon of 
3H-BPDE into the DNA. the less <i».g«l pl^nud contained 25 addicts per 5 kb 
plastnid and the .ore dan^ged pUsmi* contained 50 addncts. «s non-repUcaUng 
vector contatns the chloramphenicol »«yl«ansferaa. gene t^der control of SV 0 
promoter and enhancer sequences. Human keratinocytes andp53-,ra„sfe«edH1299 
10 cells were ore-treated with either lOO pTpT or an e,ual volume of dtluen. 
(DMEM) alone tor 48 hours, *en transf«*=d with either BP-modiSed pCAT- 
control vector (0.5 ,^/ml) or unmodified vector (0.5 ,g/ml) together wtthPSV-?- 
galactosidase control v«.tor (0.5 ^gtal). Cells were collected in a reporter lysts 
buffer (Promega, 24 hours after t^nsfection. CAT er^^e .ct,v,„ was determtned 
,5 usin. the liquid scinnWonco««ingp«tocol and components of the assay system 
at (Prome-a). "C-labeled chlor^t^coHoO-SO mCi(l ,85-2.22GBq)mmoll was 
purchased Som New EnglandNuctar (Boston, MA). CAT activtty was nomtaltzed 
with p-gaiactosidase activity. 

Western blot analysis, 
20 Cells were treated with 100 pTpT or aa equal volume of diluent alone 

for48 hours. Total cellular proteins were collected in a buffer cot^tstingot 02. M 
Tris HCl (pH 7.5), 0.375 M NaCl. 2.5% sodium deoxycholate. 1% Tnton X-100, -5 
rrM MOC12. 1 mM phenytaethyl sulfonyl flouride, and 0.1 mgml aprotimn. 
ProteiJs (100 per sample) were separated by 7.5-1 5% SDS-PAGE and 
.5 transferred to a nitrocellulose membrane (Schleicher & Schuell, Keene. NH). After 
transfer the gel was stained wiA Coomassie Blue to verify even loadmg as 
visualized bvtheresidualhi^molccularweishtprotems. Me„,branes were Mocked 
,n 0 OS-o Tween-20/TBS with 5% milk, (Bio-Rad Laboratories, Hercules. C A), 
^ntibodv reactions were perfoimed with the following antibodies: ant. p53 (AB-6). 
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anti PCNA (Ab-2) (Oncogene Science), and anti XPA {FL-273) (Santa Cruz 
Biotechnology). Sheep anti-mouse Ig linked to horseradish peroxidase (Amersham, 
Arlington Heights, IL) (for p53 and PCNA) and goat anti-rabbit IgG (Bio-Rad)(for 
XPA) were used as the secondary antibodies. Binding was detected by the ECL 

5 detection kit (Amersham). 

To measure the repair of BP DNA adducts, non-repUcating BP-damaged 
reporter plasmid system containing the bacterial chloramphenicol acetyltiansferase 
{CAT) gene was used as described in Example 8. With first passage human 
keratinocvtes, the transfection efficiency, as measured by the cotransfected P- 
10 galactosidase expression vector, was 40-70%. Compared to diluent-treated cells, 
pTpT-treated human keratinoc>tes showed an approximate doubling of CAT 
expression relative to paired cultures transfected with undamaged control CAT 
vector, when transfected with either the less BP-damaged (- 25 adducts/plasmid) or 
the more BP-damaaed (- 50 adducta' plasmid) vector. 
15 To confirm the activation of p53 by pTpT in a second assay, a reporter 

plasmid expressing the human growth homione (hGH) gene under the influence of a 
p53 inducible promoter was employed. Activation of p53 increases its binding to 
the consensus sequence in die plasmid, leading to transcription of the hGH coding 
sequence and ultimately to secretion of hGH into the medium. 
20 pTpI-created human keratinocytes showed a 45%±25% increase in hGH 

secretion compared to diluent-treated cells. These data indicate that pTpT activates 
p53 in normal human keratmocytes as well as m p53-transfected H1299 ceils. 

To confirm that pTpT enhances repair of BP-DNA adducts through p53 
activation. p53-null H1299 cells were transfected with the p53 expression vector, 
25 and p53 protein expression was then confirmed by western blot analysis 48 hours 
after transfection. In parallel cultures, 48 hours after transfection with the p53 
expression or control vector, then processed as described above, in p53-H1299 
cells, repair was comparable to that observed in normal keratinocytes; and the 
plasmid comaining a low level of BP damage was repaired m%±5m'<, more 
30 efficient!) m pTpT-pre-treated cells than in diluent pre-treated cells; and the plasmid 
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containing a high level of BP damage was repaired more than three times as 
efficiently. In p53-H1299 cells, however, the repair capacity was the same as m 
both treatment groups. These data demonstrate that enhanced repair of BP-DNA 

adducts by pTpT requires p53. 

5 pTpT activation of p53 in H1299 cells transiently transfected with the p53- 

responsive-hGH^H1299 resulted in a 40% increase in hGH secretion compared to 
diluent-treated cells. These data forftcr d^nonstrate that pTpT enhances p53 
transcriptional activity through .dmiced binding to its DNA consensus sequence. 
Western blot analysis was used to examine the effect of pTpT treatment on 

10 the expression of selected genes known to be involved in DNA repair. Normal 
human keratinocytes were treated with pTpT for 2 days before harvesting cellular 
protein. pTpT up-regulated the levels of p53, PCNA and the XPA protein 2 to 3- 
fold within 2 days of treatment 

Example 10: Inhibition of Contact Hypersensitivity in a Munne Model 
15 C5 7B 1 6 mice were subjected to the following treatment prior to sensitization 

with the allergen DNFB, through ab<tominal skin; no pretreatment. U^-B irradiation 
(.00 J/m: dx4d), pTpT, pApA, or v,^de alone (30 ,1 of 100 uM BID x 5d). Mice 
pretreated with L^^-B or pTpT showed markedly suppressed ear swelling responses 
to DNFB challenge (0.6±0.2 and 0.9±0.3) compared to untreated or vehicle treated 
-^0 ammals (4.3-0.6 and 3.3±0.2), wh^as pApA-treated mice exhibited intemiediate 
responses (2.5z0.6). TNFa gene activation was measured by utilizing mice carrying 
a CAT reporter transgene bearing the entire TNFa promoter and 3--untranslated 
reaion Transgemc mice were subjected to the following treatment poor to skm 
aslav for CAT expression: UVB inadiation (200-700 JInv), intracmancous mjection 
75 of pTpT (100 uM); lipopolysacch«ide (LPS 1 j.g/ml) as positive control, or vehicle 
alone. CAT acti^ity was detected in ddn treated with UVB, LPS. or pTpT (but not 
with vehicle alone). 
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Example 1 1 : Oligonucleotide Dependent UV-mimetic Activity. 

The induction of melanogenesis in Cloudman S91 mouse naeianoma cells by 
a five-nucleotide oligomer, CATAC (SEQ ED NO: 5), and a nine-nucleotide 
oligomer, GAGTATGAG (SEQ ID NO: 1) was examined. Duplicates of Cloudman 

5 S91 murine melanoma cells were incubated with either iOO nM oligo or an equal 
volume of diluent (H,0) for 5 days. The ceils were then collected, counted, and 
pelleted for melanin analysis. In three experiments, the pigment content after 
incubation with the 9-mer, 5-mer and pTpT increased 4l8%z267%, 61%±60% and 
i55%±60% of control levels, respectively. The 9-mer, but not the 5-mer, also 

1 0 stimulated melanogenesis in human melanocytes, producing a 5 1 -62% increase after 
one week in culture. As with pTpT, the 9-mer oligonucleotide, but not the 5-mer, 
also induced the expression of the p21.'Waf 1/Cip 1 gene within 48 hours in a 
squamous cell carcinoma line, increasing the level of this mKN'A 200-300%, 
compared to a 100-150% increase from pTpT. Variations of this oligonucleotide 

1 5 were evaluated; a scrambled 9-mer (T AGGAGGAT, SEQ ID NO: 2) and two 

truncated versions, a "-mer (AGTATGA, SEQ ID NO; 3) and 5-mer (GT.ATG SEQ 
ED NO: -i). Both 9-mers were equally active, inducing a 800% increase in melanin 
content. The truncated versions (7-mer and 5-mer) were also active, inducing 640% 
and 670^0 increases, respectively. Together, these data show that the U\'-mimetic 

20 activity of pTpT can be duplicated quite dramatically by other oligonucleotides. 

Example 12: The Effect of DNA Fragments on DNA Repair In vivo. 

Transgenic mice carrying multiple genomic copies of a LacZ reporter 
plasmid were used. One hundred uM pTpT in polypropyleneglycoi was applied to 
one SBX and vehicle alone to the other ear, daily for four days. On the fifth day, both 
25 ears were exposed to 100mJ/cm= light. This procedure was repeated weekly 
for 3, 5 or ~ weeks (3 mice/group). One week after the final irradiation. LacZ 
plasmids were har% ested from the ear epidermis. Using methods well known in the 
art, the plasmids were recovered from genomic DNA by restriction enzvTne 
digestion and specific binding to the lack Lad protein. Mutant LacZ plasmids were 
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positively selected by transfection into bacteria and growth on selective medium and 
the mutation frequency was determined. After 3, 5. 7 weeks, pTpT-ireated skin 
exhibited a 20-30% Iowct mutation frequency than diluent treated skin (200 vs 293, 
155 vs 216. and 261 vs 322. respectively). The data showed that pTpT-enhanced 
5 DNA repair reduces UV-induced mutations in vivo and suggest that tqjical 
application of this dinucleotide could be used to lower tiie mutation rate in 
carcinogen-exposed human skin. 

Example 13: The Effect of OUgonucleotide Size and 5' Phosphate on Stimulation 
of UV Induced Protective Phenotypes 
10 Cloudman S91 melanoma ceUs were treated with a 20-mer oligonucleotide 

(GCATGCATGCATTACGTACG (SEQ ID NO: 6)) at a concentration of lOOfxM. 
A separate sample of cells w<ae similarly treated with lOO^M pTpT. The results 
showed that 591 cells treated with flie 20-mer showed an increase of 50»/o m 
pigment above diluent treated control ceUs. In contrast cells treated with pTpT 
1 5 showed a 400-900% increase in pigment content. Therefore, while this 20-mer 

oligonucleotide induces some protective phenotype in the form of increased pigment 
production, it was found to be a much less active stimulator of UV induced 
protective phenotype than pTpT. 

The effect of 5'-phosphorylMed vs non-phosphorylated fonnof pTpT and 
20 the 9-mer oligonucleotide GAGTATGAG (SEQ ID NO: 1) was measured. In three 
experiments 591 cells were treated with either pTpT, TPT or diluent; or the ceils 
were treated with 5' phosphorylated vs the non-phosphorylaied form of SEQ ID NO: 
1 . The stimulation of mutagenesis above controls for pTpT vs. TpT was 385 vs 
12.5%, 50 vs 0% and 900 vs. 360% respectively. In a separate experiment the 5' 
25 phophorylated 9-mer increased pigment content 1000- 100% of controlled values 
while the non-phosphorylated form stimulated a 600% increase. These results are n 
agreement with published data showing uptake of DNA oligo is facilitated by the 5' 
phosphate. 
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EQUIVALENTS 

Those skilled in the art will recofoi^, or be able to ascertain using no more 
than routine experimentation, many equivalents to the ^ific embodiments of the 
invention described specifically herein. Such equival«aits are intended to be 
5 encompassed in the scope of the following claims. 
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SSQUENCS 



<110> P^Vhia^T: Trustees of Boston University 
<120> TITLE: Usc of tocally Implied PHA Fragments 



<130> DOCKST/?IL£ HB?22HI^C£j BTO4«6aiL3 FCT 
<150> PRIOK APPMCATIOH HOMBSEi af/04S,$27 
<151> Flhim DATS: 3599-03-26 
<1$0> NUMBER OF S2{p£HCSSt (» 

<170> SOFmARE: Fasts:^ for Hii«tews Version 3.0 

<210> SSQ IB S0:1 
<211> LEIC-TE: 9 
<212> TYP?.: DHA 

<213> ORGANXSfl: Artificial Seqtusico 

<220> FEATURS: 

<223> OTHSR IKTCRZ'^ATIC:^^ DHA fragmOUt 

<400> 3EQ 12 biO;l 
gagtAtgag 

<210> SEQ ID K0:2 
<211> L.S^GTH: .9 
<212> XYFS: BNA 

<213> 0Ra3^,XXSM I Artificial Scqwsacm 

<22 0> FEATGSIB: 

<223> OTHER INFOHHATIOH: SUA Frag^at 
<400> SEQ 115 HO:2 

<2X0> SEQ ID NO: 3 
<211> LHHGTH: 7 
<2X2> TYPE: DHA 

<2X3> ORCm^^ITSM: Artificial SequeMe 
<220> FEATORS: 

<223> OTHER IKF0RMATX02J : mA Fragment 
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«iOO> SEQ ID NO; 3 

<210> S3Q ID N0:4 
<211> 5 
<212> TCSEi DNA 

<213> ORGAKlSM:Arcificial Sequence 

<220> FEAOTEE: 

<223> OTHER iNKSEmTiOH: mh rragmcut 



<40Q> S£Q ID >I0:4 

<210> SEQ TO NO;S 

<2X1> LENGTH r 5 
<212> TYPE: DHA 

<213> ORGAJI£SM:ArrificiaX Sequence 
<220> FEAinj:^: 

<223> 0TH2R I^ORMATION: Five -nucleotide Oligomer 
<400> SEQ ID NO: 5 



c210> SSQ IP NO:S 
<211> LH^'GTH: 20 
<212> TYPE: DNA 

<213> 0Ea2^lSM;Artificial Sequence 
c220> FEATUHS; 

<223> or-IER INFOSMATXCN: 20-mer Oligonucleotide 

<40O> S3Q ID N0:€ 
gcatgcatgc at tacgt acg 
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r.LAIMS 



1. 



2. 



Use for the manufacture of a medicament for ir^creasing p53 activity 
in a cell, of DNA fragments selected from single-stranded DNA 
fragments, deoxynucleotides, dlnucleotides, dinucleotide dimers and 
combinations thereof. 

The use of Claim 1 wherein activation of p53 results in nucleotide 
excision repair in the cell. 

use for the manufacture of a medicament for reducing the 
susceptibility to UV-induced hyperproliferative disease in a mammal, 
of DNA fragments that are 2-200 bases in length, the DNA fragments 
being selected from single-str«Mied DNA fragments, double-stranded 
DNA fragments, and a mixture of single- and double-stranded DNA 
fragments, 

use for the manufacture of a medicament for treating psoriasis in a 
mammal, to result in inhibition of proliferation of the cells of interest 
or a decrease in epidermal thickness; of DNA fragments approximately 
2-200 bases in length, the DNA fragments being selected from single- 
stranded DNA fragments, double-stranded DNA fragments, and a 
mixture of single- and double-stranded DNA fragments. 

Use for the manufacture of a medicament for treating vitiligo in a 
mammal, of DNA fragments approximately 2-200 bases in length, the 
DNA fragments being selected from single-stranded DNA fragments, 
double-stranded DNA fragments, and a mixture of single- and double- 
stranded DNA fragments. 

Use for the manufacture of a medicament for treating atopic 
dermatitis, contact dermatitis or allergically mediated inflammation of 
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other epithelia such as allergic rhinitis or allergic conjunctivitis in a 
mammal, of DNA fragments; said DNA fragments being approximately 
2-200 bases in length, and selected from single-stranded DNA 
fragments, double-stranded DNA fragments, and a mixture of single- 
and double-stranded DNA fragments. 

Use, for the manufacture of a medicament for inhibiting UV-induced 
dermatoses in a mammal, of DNA fragments that are approximately 
2-200 bases in length, the DNA fragments being selected from single- 
stranded DNA fragments, double-stranded DNA fragments, and a 
mixture of single- and double-stranded DNA fragments. 

Use, for the manufacture of a medicament for reducing photoaging in 
a mammal, of DNA fragments that are approximately 2-200 bases in 
length, the DNA fragments being selected from single-stranded DNA 
fragments, double-stranded DNA fragments, and a mixture of single- 
and double-stranded DNA fragments. 

Use for the manufacture of a medicament for reducing the 
susceptibility to skin cancer in a mammal, of DNA fragments that are 
approximately 2-200 bases in length, the DNA fragments being 
selected from single-stranded DNA fragments, double-stranded DNA 
fragments, and a mixture of single- and double-stranded DNA 
fragments. 

Use, for the manufacture of a medicament for preventing or reducing 
DNA damage in a cell, wherein said DNA damage is caused by UV 
irradiation or DNA-damaging chem.cals. of DNA fragments that are 
approximately 2-200 bases in length, the DNA fragments be.ng 
selected from single-stranded DNA fragments, double-stranded DNA 
fragments, and a mixture of single- and double-stranded DNA 
fragments. 
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1 1 . The use of any one of Claims 3 to 10, wherein the single-stranded 
DNA fragment is selected from the group consisting of: SEQ ID NO: 
1 ; SEQ iD NO: 2; SEQ ID NO: 3; SEQ ID NO: 4; SEQ ID NO: 5 and 
SEQ ID NO: 6. 

1 2. The use of any one of Claims 3 to 1 1 , wherein the dinucleotides are 
selected from the group consisting of: d{pT)2, dlpOa, dlpAlj, d(pCpT), 
dipTpC), d(CpT), d(TpC) and d(TpT). 

1 3. The use of any one of Claims 3 to 1 2, wherein said single-stranded 
DNA fragments, deoxynucleotkles, or dinucleotides are ultraviolet- 
irradiated. 

1 4. The use of any one of Claims 3 to 1 3, wherein the DNA fragments 
are administered in a delivery vehicle. 

15. The use of any one of Claims 3 to 14, wherein the delivery vehicle 
comprises liposomes. 

16. The use of any one of Claims 3 to 15, wherein the delivery vehicle 

comprises propylene glycol. 

17. The use of any one of Claims 3 to 16, wherein the DNA fragments 
are administered by aerosol. 

1 8. A composition comprising an amount of DNA fragments sufficient to 
increase p53 activity in a cell, said DNA fragment having a nucleotide 
sequence selected from the group consisting of SEQ !D NO: 1; SEQ 
ID NO: 2; SEQ ID NO: 3; SEQ ID NO: 4; SEQ ID NO: 5 and SEQ ID 
NO: 6, and a delivery vehicle. 



19. A composition comprising an amount of DNA fragments sufficient 
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inhibit proliferation of a cell, said DNA fragment having a nucleotide 
sequence selected from the group consisting of SEQ ID NO: 1; SEQ 
ID NO: 2; SEQ ID NO: 3; SEQ ID NO: 4; SEQ !D NO: 5 and SEQ ID 
NO: 6, and a delivery vehicle. 

The use of any one of Claims 1 to 17 or composition of Claim 18 or 
Claim 1 9 wherein the DNA fragments comprise nucleotide oligomers. 

The use or composition of Claim 20 wherein the nucleotide oligomers 
are 2-20 bases in length. 

The use or composition of Claim 20 wherein the nucleotide oligomers 
are 2-10 bases in length, for example 5-9 bases in length. 

The use or composition of Claim 20 wherein the nucleotide oligomers 
are 5, 7 or 9 bases in length. 
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